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(57) ABSTRACT 

According to an embodiment, a power Supply system has a 
primary side and a secondary side. An input terminal on the 
primary side is operable to receive an input Voltage. An output 
terminal on the secondary side is operable to be connected to 
a load for providing current thereto. Circuitry is provided 
which is operable to regulate the power Supply system from 
the primary side so that the current provided to the load at the 
output terminal is Substantially constant. 
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PRIMARY SIDE REGULATED POWER 
SUPPLY SYSTEM WITH CONSTANT 

CURRENT OUTPUT 

BACKGROUND 

1. Field of Invention 
The present invention relates to power conversion, and 

more particularly, to a primary side regulated power Supply 
system with constant current output. 

2. Description of Related Art 
Power Supplies are essential for many modern electronic 

devices. In some applications for a power Supply, Such as a 
battery charger or a light emitting diode (LED) ballast, the 
power Supply should provide a constant current, as long as the 
load resistance is lower than a specific value. If load resis 
tance is above this value, the output Voltage needs to be 
constant or at least limited in value. In a typical implementa 
tion according to previously developed designs for Such 
applications, a power Supply has a transformer (with primary 
and secondary windings) and an optocoupler device. The load 
(e.g., battery) is connected to the secondary winding, and the 
optocoupler is used to provide feedback from the secondary 
side for monitoring the current provided to the load. The 
optocoupler is a separate component, and thus its addition 
increases the cost of implementing the power Supply. Further 
more, implementations according to previously developed 
designs may also use a dedicated integrated circuit (IC) 
device which is specially designed for the desired application 
(e.g., battery charger or LED ballast). Such a dedicated IC 
device also increases the cost of implementing the power 
Supply. 

SUMMARY 

One embodiment of the present invention provides a con 
stant current output (e.g., for use in a battery charger or LED 
ballast) without a feedback loop from secondary side to pri 
mary side of a transformer. This is advantageous for low cost 
applications. 

According to an embodiment of the present invention, a 
power Supply system includes an input terminal operable to 
receive an input Voltage. A transformer is coupled to the input 
terminal and defines a primary side and a secondary side. An 
output terminal is coupled to the secondary side of the trans 
former and is connectable to a load for providing current 
thereto. Means are provided for regulating the power Supply 
system from the primary side so that the current provided to 
the load at the output terminal is Substantially constant. 

According to another embodiment of the present invention, 
a power Supply system includes an input terminal operable to 
receive an input Voltage. A transformer is coupled to the input 
terminal and defines a primary side and a secondary side. An 
output terminal is coupled to the secondary side of the trans 
former and is connectable to a load for providing current 
thereto. A control circuit is coupled to the transformer and 
operable to control current flowing through the transformer. A 
feedback circuit, coupled to the control circuit and the trans 
former, is operable to Support regulation by the control circuit 
from the primary side so that the current provided to the load 
at the output terminal is Substantially constant. 

According to yet another embodiment of the present inven 
tion, a power Supply system has a primary side and a second 
ary side. An input terminal on the primary side is operable to 
receive an input Voltage. An output terminal on the secondary 
side is operable to be connected to a load for providing current 
thereto. Circuitry is provided which is operable to regulate the 
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2 
power Supply system from the primary side so that the current 
provided to the load at the output terminal is substantially 
COnStant. 

Important technical advantages of the present invention are 
readily apparent to one skilled in the art from the following 
figures, descriptions, and claims. 

BRIEF DESCRIPTION OF DRAWINGS 

For a more complete understanding of the present inven 
tion and for further features and advantages, reference is now 
made to the following description taken in conjunction with 
the accompanying drawings. 

FIG. 1 is a schematic diagram in partial block form of a 
power Supply system, according to an embodiment of the 
invention. 

FIG. 2 is a schematic diagram in partial block form of an 
exemplary implementation for a control circuit depicted in 
FIG 1. 

FIG. 3 is a diagram comparing the output characteristics of 
a power Supply system having primary side regulation 
according to an embodiment of the invention and a Supply 
implemented according to a previously developed technique. 

DETAILED DESCRIPTION 

Embodiments of the present invention and their advantages 
are best understood by referring to FIGS. 1 through 3 of the 
drawings. Like numerals are used for like and corresponding 
parts of the various drawings. 

FIG. 1 is a schematic diagram in partial block form of a 
power supply system 10, according to an embodiment of the 
invention. Power supply system 10 can be connected to an 
input Voltage source 4 and is used to provide a constant 
current output to a load 6 (e.g., a battery), using primary side 
current and Voltage regulation. Power Supply system 10 out 
puts a Voltage Vout. As depicted, power Supply system 10 
includes a rectifier circuit 12, an incoming LC filter network 
14, an RC network 15, a control circuit 16, a transformer 18, 
an auxiliary supply circuit 19, and a feedback circuit 20. 

Input Voltage source 4 can be a source of alternating current 
(AC) mains voltage. Rectifier circuit 12 functions to rectify 
the AC input voltage to produce a direct current (DC) voltage. 
Rectifier circuit 12 can be implemented with a plurality of 
diodes arranged in a full-wave rectifier configuration. In one 
embodiment, as shown, the incoming LC filter network 14 
comprises inductor 22 and capacitors 24, 26. In one embodi 
ment, each of capacitors 24, 26 may have a value of 4.7 uF. 
Transformer 18 may be connected to the RC network 15. RC 
network 15 limits Voltage spikes due to the leakage induc 
tance of transformer 18. RC network 15 may comprise a 
resistor 28 and capacitor 30. In one embodiment, resistor 28 
may have a value of 15 KS2 and capacitor 30 may have a value 
of 10 nF. Transformer 18 has windings 34, 36 on the primary 
side and a winding 38 on the secondary side. 

Control circuit 16 may be connected to the RC network 15 
and transformer 18. Control circuit 16 controls current flow 
through power supply system 10, and thus the current deliv 
ered to load 6. Control circuit 16 may comprise a power 
Switch having a terminal which is connected to winding 34 of 
transformer 18. The power switch can be turned on and off for 
causing current to flow through winding 34. The control 
circuit 16 may also have terminals for feedback voltage (Vfb) 
for limiting peak drain current (Ipk). 

In some embodiments, all or a part of control circuit 16 
may be implemented on one or more suitable integrated cir 
cuit (IC) devices with current control and current limiting 
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features. Such IC devices do not need to be specially designed 
for a desired applications such as battery chargers or LED 
ballasts like previous designs. In one embodiment, for 
example, control circuit 16 may be implemented with a 
FSDX321 product, which is commercially available from 
Fairchild Semiconductor Corporation. A schematic diagram, 
in partial block form, for one implementation of control cir 
cuit 16 is shown FIG. 2. 

A resistor 90, connected to the Ipk terminal of control 
circuit 16, sets the limit for the peak drain current (Ipk). That 
is, resistor 90 determines the output limit current on the 
primary side of transformer 18, thus limiting the power on the 
secondary side. 

Auxiliary power supply circuit 19 can be connected to 
winding 36 on the primary side of transformer 18. When 
current flows through primary winding 36, auxiliary power 
supply circuit 19 provides power (Vcc) to control circuit 16. 
As depicted, supply circuit 19 includes an inductor 70, 
capacitors 72, 80, and diodes 74, 76, and 78. In one embodi 
ment, inductor 70 has a value of 120 uH; and capacitors 72 
and 80 have values of 1.5 nF and 10 LF, respectively. 

Feedback circuit 20 provides feedback (Vfb) to control 
circuit 16 for regulation of system 10 from the primary side. 
As shown, in one embodiment, feedback circuit 20 comprises 
diodes 40, 42, 44, 46, capacitors 48, 50, 52, resistors 54, 56. 
58, 60, 62, 64, and transistor 66. In one embodiment, each of 
capacitors 48 and 50 may have a value of 100 nF, and capaci 
tor 52 may have a value of 22 nF; resistors 56,58, 60, 62, 64, 
and 66 may have values of 47 KS2, 10 KS2, 1 KS2, 15 KS2, and 
470 KS2, respectively. One part of feedback circuit 20 is 
associated with a steady-state condition of power Supply sys 
tem 10 until the output voltage Vout begins to drop; another 
part of feedback circuit 20 is used to enable or provide a 
constant output current for system 10 after the output voltage 
Vout has begun to drop. 

The part offeedback circuit 20 which is associated with the 
steady-state condition of power Supply system 10 includes 
diode 40, capacitor 48, diode 44, resistors 56, 58, transistor 
66, and capacitor 52. These components provide output volt 
age regulation. In steady state condition and with light load, 
the output voltage Vout of system 10 is stable, and a current is 
provided to the load 6. In feedback circuit 20, the voltage (Vc) 
across capacitor 48 is a function of the base-emitter Voltage 
(Vbe) of transistor 66 and the voltage drop (VZ) across diode 
44, as given by the following equation: Vc=Vbe-i-VZ. Tran 
sistor 66, which in one embodiment can be implemented as a 
bipolar junction transistor (BJT), modulates the feedback 
Voltage. 

With an increase in the load 6 for power supply system 10, 
the output voltage Vout decreases, which in turn causes the 
flyback voltage across primary winding 36 of transformer 18 
to decrease. This causes the Voltage (Vc) across capacitor 48, 
and in turn base-emitter voltage (Vbe) of transistor 66, to 
decrease since the Voltage drop (VZ) across diode 44 is con 
stant. When Vbe decreases, the current through the collector 
of the transistor 66 decreases. This has the effect of the volt 
age (Vfb) increasing. As a result of this, the drain current of 
the control circuit 16 is increased and the output Voltage 
increases. This operation continues until the drain current of 
control circuit 16 reaches the current limit set by resistor 90. 

At this point, the peak current through the power switch of 
the control circuit 16 remains constant regardless of the volt 
age (Vfb) at the feedback terminal of the control circuit 16. 
This results in a decrease of output voltage Vout. Because the 
voltage/current (VI) characteristic of the output under this 
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4 
condition is essentially a constant power characteristic (i.e., 
Iout-a/Vout, where a is some constant), the load current 
would increase. 
To avoid this increase in the load current, the other part of 

feedback circuit 20 is active to enable or provide a constant 
output current for system 10 after the output voltage Vout has 
begun to drop. This part offeedback circuit 20 includes diode 
42, resistor 60, capacitor 50, and resistors 62, 64, and essen 
tially functions to lower the peak drain current through the 
power switch of the control circuit. This part of feedback 
circuit 20 may work as follows. 
The forward voltage across winding 36 on the primary side 

of transformer 18 is rectified and filtered by diode 42, resistor 
60, and capacitor 50. The resulting Voltage across capacitor 
50 is negative with respect to signal ground (GND) and pro 
portional to the input Voltage of the power Supply system 10. 
After the peak drain current limit set by resistor 90 connected 
to terminal (Ipk) of the control circuit 16 is reached, and as the 
load increases and the output Voltage Vout starts to drop, the 
voltage at the cathode of diode 44 starts to drop. This is 
because the Voltage at the cathode of diode 44 is equal to 
Vc-VZ, where Vc is voltage across capacitor 48 and VZ is the 
Voltage drop across diode 44. At a certain point, current starts 
to flow through resistor 62 out of the Ipk terminal of control 
circuit 16 through diode 44, further lowering peak drain cur 
rent. This establishes a feedback loop stabilizing the output 
current to the load so taht is not increasing. The amount of 
feedback (and thus the desired output characteristic for power 
supply system 10) can be set by the value of resistor 62. 
Furthermore, a foldback characteristic is possible with some 
embodiments. Resistor 64 compensates for the rising drain 
current limit with rising input voltage. 
Power supply system 10 can be used, for example, in low 

cost battery charger applications or for LED ballast. Power 
supply system 10 can be implemented with fewer, and less 
expensive components than many previous designs. 
Power supply system 10 provides a constant output current 

to load 6, when the load Voltage is lower than a certain value, 
using primary side regulation. As such, power Supply system 
10 does not require an optocoupler for feedback from the 
secondary side of transformer 28. This reduces the cost of 
implementation, thus providing significant advantages. 

FIG. 2 is a schematic diagram in partial block form of an 
exemplary implementation for a control circuit 16 depicted in 
FIG. 1. In some embodiments, all or a part of control circuit 
16 may be implemented on one or more integrated circuit (IC) 
devices. As depicted, control circuit 16 has terminals, leads, 
or pins for normal operating Voltage (Vcc), startup Voltage 
(Vstr), ground (GND), feedback voltage (Vfb), peak current 
(Ipk), and output (Drain). Control circuit 16 comprises a 
power switch 100, which may be implemented with a metal 
oxide-semiconductor field effect transistor (MOSFET), a 
bipolar junction transistor (BJT), insulated-gate bipolar tran 
sistor (IGBT), or any other suitable transistor. The output 
terminal (Drain) of control circuit 16 may be connected to 
winding 34 of transformer 18. The power switch 100 of 
control circuit 16 is driven to control current flow through 
winding 34 of transformer 18, and thus the current delivered 
to load 6. 

FIG.3 is a diagram 200 comparing the output characteris 
tics of a power Supply system having primary side regulation 
according to an embodiment of the invention and a Supply 
implemented according to a previously developed technique. 
Diagram 200 depicts a number of voltage/current (V/I) char 
acteristic curves 202, 204, and 206. Curve 202 is an ideal 
characteristic curve a power Supply that provides constant 
current to a load for a range of output Voltage values. Curve 
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204 is the characteristic curve for a power Supply using an 
optocoupler according to previously developed techniques. 
Curve 206 is the characteristic curve for a power supply 
having primary side regulation according to an embodiment 
of the invention. As shown in FIG. 3, the power supply 
according to an embodiment of the invention provides per 
formance comparable to previously developed techniques 
(with near-ideal characteristics), but without the use of an 
optocoupler, thus providing a savings in implementation 
COStS. 

Some advantages offered by various embodiments of the 
present invention include reducing the number of parts and 
the cost of implementing a low power charger. This can also 
improve reliability of the implementation. Furthermore, no 
specialized parts or integrated circuits are necessary. 

Although the present invention and its advantages have 
been described in detail, it should be understood that various 
changes, Substitutions, and alterations can be made therein 
without departing from the spirit and scope of the invention as 
defined by the appended claims. That is, the discussion 
included in this application is intended to serve as a basic 
description. It should be understood that the specific discus 
sion may not explicitly describe all embodiments possible; 
many alternatives are implicit. It also may not fully explain 
the generic nature of the invention and may not explicitly 
show how each feature or element can actually be represen 
tative of a broader function or of a great variety of alternative 
or equivalent elements. Again, these are implicitly included in 
this disclosure. Where the invention is described in device 
oriented terminology, each element of the device implicitly 
performs a function. Neither the description nor the terminol 
ogy is intended to limit the scope of the claims. 
What is claimed is: 
1. A power Supply system comprising: 
an input terminal operable to receive an input Voltage; 
a transformer coupled to the input terminal and defining a 

primary side and a secondary side; 
an output terminal coupled to the secondary side of the 

transformer and connectable to a load for providing 
current thereto; and 

means for regulating the power Supply system from the 
primary side so that the current provided to the load at 
the output terminal is Substantially constant, wherein the 
means for regulating comprises: 
a control circuit having a power Switch through which 

drain current flows; and 
the feedback circuit coupled to the control circuit; 
wherein the control circuit and the feedback circuit are 

operable to regulate a Voltage at the output terminal in 
a steady-state operation of the power Supply system 
and further operable to provide a constant current 
output to the load when a Voltage at the output termi 
nal is lower than a certain value; 

wherein the transformer comprises a first and second pri 
mary side winding and a secondary side winding, 
wherein the power switch of the control circuit is 
coupled to the first primary side winding, and wherein 
the output terminal is coupled to the secondary side 
winding. 

2. The power supply system of claim 1 wherein the feed 
back circuit comprises a resistor coupled to the control circuit 
through which current may flow to reduce the drain current 
flowing through the power switch in the control circuit. 

3. The power supply system of claim 1 wherein the feed 
back circuit comprises a resistor coupled to the control circuit 
to adjust the drain current flowing through the power Switchin 
the control circuit. 
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6 
4. The power supply system of claim 1 wherein the feed 

back circuit is coupled to the second primary side winding. 
5. The power supply system of claim 1 wherein the feed 

back circuit comprises: 
a first diode couple at its anode to the second primary side 

winding: 
a capacitor coupled to a cathode of the first diode; 
a second diode coupled at its cathode to the cathode of the 

first diode; 
a resistor coupled at one end to an anode of the second 

diode and at another end to a control terminal of a tran 
sistor; and 

the transistor coupled to the control circuit. 
6. The power supply system of claim 1 wherein at least a 

portion of the control circuit is implemented as an integrated 
circuit device. 

7. A power Supply system comprising: 
an input terminal operable to receive an input Voltage; 
a transformer coupled to the input terminal and defining a 

primary side and a secondary side; 
an output terminal coupled to the secondary side of the 

transformer and connectable to a load for providing 
current thereto; and 

means for regulating the power Supply system from the 
primary side so that the current provided to the load at 
the output terminal is Substantially constant, wherein the 
means for regulating comprises: 
a control circuit having a power Switch through which 

drain current flows; and 
the feedback circuit coupled to the control circuit; 
wherein the control circuit has a feedback terminal and a 

peak drain current terminal, and wherein the feedback 
circuit is coupled to the feedback terminal and the 
peak drain current terminal of the control circuit; 

wherein the control circuit and the feedback circuit are 
operable to regulate a Voltage at the output terminal in 
a steady-state operation of the power Supply system 
and further operable to provide a constant current 
output to the load when a Voltage at the output termi 
nal is lower than a certain value. 

8. A power Supply system comprising: 
an input trminal operable to receive an input Voltage; 
a transformer coupled to the input terminal and defining a 

primary side and a secondary side; 
an output terminal coupled to the secondary side of the 

transformer and connectable to a load for providing 
current thereto; 

a control circuit coupled to the transformer and operable to 
control current flowing through the transformer, 
wherein the control circuit comprises a power Switch 
through which drain current flows; and 

a feedback circuit coupled to the control circuit and the 
transformer, the feedback circuit operable to support 
regulation by the control circuit from the primary side so 
that the current provided to the load at the output termi 
nal is substantially constant; 

wherein the transformer comprises a first and second pri 
mary side winding and a secondary side winding, 
wherein the power switch of the control circuit is 
coupled to the first primary side winding, and wherein 
the output terminal is coupled to the secondary side 
winding. 

9. The power supply system of claim 8 wherein the feed 
back circuit comprises a resistor coupled to the control circuit 
through which current may flow to reduce the drain current 
flowing through the power switch in the control circuit. 
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10. The power supply system of claim 8 wherein the feed 
back circuit is coupled to the second primary side winding. 

11. The power supply system of claim 8 wherein at least a 
portion of the control circuit is implemented as an integrated 
circuit device. 

12. The power supply system of claim 8 wherein the feed 
back circuit comprises a resistor coupled to the control circuit 
to adjust current flowing through the control circuit. 

13. A power Supply system comprising: 
an input terminal operable to receive an input Voltage; 
a transformer coupled to the input terminal and defining a 

primary side and a secondary side; 
an output terminal coupled to the secondary side of the 

transformer and connectable to a load for providing 
current thereto; 

a control circuit coupled to the transformer and operable to 
control current flowing through the transformer, 
wherein the control circuit comprises a power Switch 
through which drain current flows; and 

a feedback circuit coupled to the control circuit and the 
transformer, the feedback circuit operable to support 
regulation by the control circuit from the primary side so 
that the current provided to the load at the output termi 
nal is substantially constant; 

wherein the transformer comprises a first and second pri 
mary side winding and a secondary side winding, 
wherein the power switch of the control circuit is 
coupled to the first primary side winding, and wherein 
the output terminal is coupled to the secondary side 
winding. 

14. The power supply system of claim 13 wherein the 
feedback circuit is coupled to the second primary side wind 
ing of the transformer. 

15. The power supply system of claim 13 wherein the 
feedback circuit comprises: 

a first diode couple at its anode to the second primary side 
winding: 

a capacitor coupled to a cathode of the first diode; 
a second diode coupled at its cathode to the cathode of the 

first diode; 
a resistor coupled at one end to an anode of the second 

diode and at another end to a control terminal of a tran 
sistor, and 

the transistor coupled to the control circuit. 
16. A power Supply system comprising: 
an input terminal operable to receive an input Voltage; 
a transformer coupled to the input terminal and defining a 

primary side and a secondary side; 
an output terminal coupled to the secondary side of the 

transformer and connectable to a load for providing 
current thereto; 

8 
a control circuit coupled to the transformer and operable to 

control current flowing through the transformer, 
wherein the control circuit comprises a power Switch 
through which drain current flows; and 

5 a feedback circuit coupled to the control circuit and the 
transformer, the feedback circuit operable to support 
regulation by the control circuit from the primary side so 
that the current provided to the load at the output termi 
nal is substantially constant; 

wherein the control circuit has a feedback terminal and a 
peak drain current terminal, and wherein the feedback 
circuit is coupled to the feedback terminal and the peak 
drain current terminal of the control circuit. 

17. A power Supply system having a primary side and a 
15 secondary side, the system comprising: 

an input terminal on the primary side operable to receive an 
input voltage; 

an output terminal on the secondary side operable to be 
connected to a load for providing current thereto; and 

circuitry operable to regulate the power Supply system 
from the primary side so that the current provided to the 
load at the output terminal is substantially constant, 
wherein the circuitry comprising: 
a control circuit having a power Switch through which 

drain current flows; and 
the feedback circuit coupled to the control circuit; 
wherein the control circuit and the feedback circuit are 

operable to regulate a Voltage at the output terminal in 
a steady-state operation of the power Supply system 
and further operable to provide a constant current 
output to the load when a voltage at the output termi 
nal is lower than a certain value; 

wherein the control circuit has a feedback terminal and a 
peak drain current terminal, and wherein the feedback 
circuit is coupled to the feedback terminal and the 
peak drain current terminal of the control circuit. 

18. The power supply system of claim 17 wherein the 
feedback circuit comprises a resistor coupled to the control 
circuit through which current may flow to reduce the drain 
current flowing through the power switch in the control cir 
cuit. 

19. The power supply system of claim 17 wherein the 
feedback circuit comprises a resistor coupled to the control 
circuit to adjust the drain current flowing through the power 
switch in the control circuit. 

20. The power supply system of claim 17 wherein at least 
a portion of the control circuit is implemented as an integrated 
circuit device. 
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